I-. Introduction
With the demand of compact and high speed electronic systems, a nevr technology for packaging of semiconductor chips is required. Flip-chip bonding with the aid of ultrasonic vibrationl) is attracting a great deal of attention because its process simplicity can reduce bonding costs and time and the assembled structure offers low attenuation of high frequency signal. Fig. 1 shows ultrasonic flip chip bonding steps: (1) Au bumps are formed on a semiconductor chip by using a wire bonding tool. ( 2) The semiconductor chip is flipped to make the active surface of the chip being face to face with a substrate.
(3) The flipped chip is pressed against the substrate and ultrasonic vibration is applied to the chip to bond the bumps.
This bonding technology has been applied to small size packaging of surface acoustic wave (SAW) devices having a few bumps. If ultrasonic bonding mechanism is clarified, it ca,n be used to assemble large chips having a large number of bumps. F\rrthermore, three-dimensionally integrated systems would be realized. In order to clarify bonding mechanism and generation of bonding damage, we have been investigating the dynamic strain under the Au bump during bonding process. We have previously reported the dynamic strain generated during the Au bump formation (step(I) of Fig. 1)' ). Itr this paper, we report dynamic strain generated during the flip chip bonding (step(3) of Fig. 1 ). In order to measure distribution of dynamic strain, a chained Si strain gauge is newly developed. Dynamic strain generated both at the substrate and the chip surface is measured and discussed. 
Measurement Device
A chain of strain gauge is designed and fabricated to measure the dynamic strain and its distribution. Fig. 4(a) shows the dynamic variation of the strain generated at surface of substrate. Three results are shown in the figure obtained by three gauges simultaneously. Fig. (b) shows the relative position between each gauge and bump. Gl was at the center of the bump, and G3 was at periphery of the bump. The results indicate that the event is divided in 3 periods; (A) pre-press step, (B) Ultrasonic step, and (C) post-press step. We can find that the strain generated in each period is qualitatively same as the strain generated by wire bonding3): In pre-press step, compressive strain is generated at center area while tensile strain is generated at periphery area. In ultrasonic step, the strain generated at periphery area is la.rger than at center area. This result indicates that bonding mechanism of ultrasonic flip chip bonding agrees very well with that of wire bonding. and the peripheral instruments has been accomplished through bumps other than those used for strain measurement. The size of chip was 1.0x1.0x0.53 mm and it contained 9 bumps. A 60 kHz ultrasonic was applied for 500 ms.
FiS. 5 shows the distribution of the strain generated at surface of substrate. Three results are also shown in the figure obtained by three gauges. Each gauge was positioned similarly to the illustration of Fig. 4(b) .
Comparing Fig. 4(a) and Fig. 5 
Conclusion
Dynamic strain generated during ultrasonic flip chip bonding is largest during the ultrasonic period at periphery of bump. This phenomenon is very similar to dynamic strain generated during wire bonding. Dynamic strain generated at the substrate surface and that generated at chip surface shows qualitatively same behavior in spite of the difference in presence of bonded bumps. 
